OBJECTIVES: To report the pooled results of seven prevalence surveys of hospital-acquired infections conducted between
Hospital-acquired infection imposes costs on hospitals, community care services, and patients and their families. When patients and their families are delayed in their return to productive activities, losses in productivity also accrue. 1 Hospital-acquired infection also has an impact on the mortality rate. Data from the United States suggest that 10% of patients with a hospital-acquired infection die in the hospital. The hospital-acquired infection is the main cause in 10% of these deaths and a contributory factor in another 30%. 2 It has been argued that the economic benefits of prevention are likely to exceed the costs. 3 " 5 Data on the costs of hospital-acquired infection and the cost-effectiveness of prevention programs should be made available to policymakers. However, before these data can be procured, it is necessary to understand the size and the extent of the problem.
Point-prevalence surveys have been conducted twice a year, in May and November, since 1996 in Auckland District Health Board Hospitals. The results of the first survey have been published and showed that 12% of patients had a hospital-acquired infection on the day of the survey. 6 Because hospital-acquired infection prolongs the hospital stay, the likelihood of such patients' being sampled in a prevalence survey increases; thus, the prevalence rate may not provide a true picture of the pattern of disease over time. A more useful measure of hospital-acquired infection is the cumulative incidence, because this illustrates the number of patients who acquire a hospital-acquired infection during a defined time period (eg, a year) and the number of cases may be expressed as a percentage of total discharges. Incidence studies are expensive to conduct, because data have to be collected on every new admission for a defined period.
Auckland District Health Board Hospitals is New Zealand's largest publicly funded, tertiary healthcare provider, with four specialist teaching hospitals treating a total of 95,999 inpatients annually. Three of the four hospitals are included in this study. Auckland Hospital has 560 beds and provides emergency, acute, and elective general medical and surgical services, as well as major hematology, oncology, and liver transplant services. Green Lane Hospital has 197 beds and provides otorhinolaryngology, cardiology, respiratory medicine, and cardiothoracic surgery services, including heart and lung transplants. National Women's Hospital has 180 beds, delivers approximately 7,500 infants per year, and provides neonatal intensive care and gynecologic services. The fourth hospital was a specialist pediatrics hospital whose patients were not included in any of the prevalence surveys.
This article reports the results of seven prevalence studies conducted between November 1996 and November 1999, and derives an estimate of the cumulative incidence of hospital-acquired infection from these prevalence data. The method used 7 was previously applied in two studies and found to produce valid results.
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M E T H O D S
Prevalence Survey
The methods used for the prevalence surveys have been reported in detail elsewhere. 6 In summary, all inpatients at the three sites of Auckland District Health Board Hospitals were included. Data collection was by twoperson teams possibly including a clinical microbiologist, an infectious diseases physician, and an infection control nurse. The clinical records of each patient were examined, and, if required, additional data were collected from the team caring for the patient. The following demographic and clinical data were recorded on a standardized data collection form: age, gender, admission date, hospital, ward, clinical service, duration of stay, presence of infection on admission, whether infection was related to a previous admission, infection present or under treatment on day of survey, site of infection, and causative organism. In addition, data were recorded on extrinsic risk factors. The definitions of the Centers for Disease Control and Prevention were used to identify the presence of hospital-acquired infection. 10 The numbers of hospital-acquired infections observed on the day of the survey, which related to that admission, were divided by the number of inpatients on that day to derive a measure of the prevalence.
Conversion of Prevalence Data to Estimates of Cumulative Incidence
The formula
\LN-INTJ
is used to describe the relationship between prevalence and cumulative incidence that has been proposed. 7 In this formula, / stands for cumulative incidence, P for prevalence, LA for average length of stay of all patients, LN for average length of stay of patients who acquire one or more nosocomial infections, and INT for average interval between admission and onset of the first nosocomial infec- tion for those patients who acquire one or more nosocomial infections.
Data Sources
Values for P were derived from the seven prevalence surveys conducted in the Auckland District Health Board Hospitals. 6 Values for LA were derived from data on the length of stay of every patient discharged from the relevant service in the time period. Values for LN were derived from the appropriate prevalence survey. Data on length of stay were provided by the information services of the hospitals. Values for INT were not collected during these surveys. To compensate, the dates of admission and survey were compared for each patient. On the survey day, it was assumed that patients with hospital-acquired infection were halfway through a course of treatment (the estimated durations of treatment for the different sites of hospitalacquired infection are presented in Table 1 ) and that the onset of the infection was the day before the treatment commenced.
If the time from admission to survey was less than or equal to half the duration of treatment minus 1 day, then it was assumed that the infection was acquired on the first day of the hospital stay. On the basis of these assumptions, values for INT were derived for all patients with a hospitalacquired infection.
Data Analysis
The results of the surveys were pooled so that when the data were stratified by site of hospital-acquired infection and clinical service, the number of cases of hospitalacquired infection in each subgroup would be maximized. This required that the prevalence of hospital-acquired infection, for the different sites and the different clinical services, remain constant during the seven time periods. To demonstrate this, a general log linear regression model was developed and tested. The outcome variable was the prevalence of hospital-acquired infection. The explanatory .87
NDF -numerator degrees of freedom; DOF = denominator degrees of freedom; F = F statistic for testing the significance of the effect; P > F = P value based on the F distribution; P > Chi-square = P value computed from the chi-square distribution with numerator degrees of freedom. *Significant at the 5% level.
The variable is an interaction term. NDF = numerator degrees of freedom; DOF = denominator degrees of freedom; F = F statistic for testing the significance of the effect; P>Y = P value based on the F distribution; P > Chi-square = P value computed from the chi-square distribution with numerator degrees of freedom. 'Significant at the 5% level.
variables were "site of hospital-acquired infection," "clinical service," "time period," and the interaction of "time period" with "site of hospital-acquired infection" and the interaction of "time period" with "clinical service." A Poisson distribution was assumed, the offset term used was the log of the population, and a dscale term was included.
The formula 7 was applied to the pooled data for P, LN, LA, and INT. Because values for LN, LA, and INT were derived from a distribution, 95% confidence intervals could be estimated. The appendix details the method used.
RESULTS
The results of the general log linear regression model are presented in Table 2 .
The interactions of "site of hospital-acquired infection" and "clinical service" with "time period" were not significant (P = .57 and P = .86, respectively), implying that the prevalence for different services and sites did not change over time. To test the main effects, the model was re-estimated without the two interaction terms. The results of this are presented in Table 3 .
This provides reasonable evidence that the "site of hospital-acquired infection" (P = .06) and the "clinical service" (P < .01) have a real effect on the prevalence and that "time period" (P = .93) does not. It is therefore assumed that the underlying pattern of hospital-acquired infection over time is stable.
The number of hospital-acquired infections and the point prevalence, disaggregated by clinical service and site of infection, are presented in Table 4 . Five hundred fifty-three (9.5%) patients were identified with a single site or with multiple sites of hospitalacquired infection from a population of 5,819 observed on the days of the surveys. The prevalence was found to be greatest among patients on adult and neonatal intensive care wards, followed by patients on surgical wards. The lowest prevalence was found among maternity patients. The most prevalent sites of hospital-acquired infection were the chest and multiple sites (MULTi) among adult patients in intensive care wards, the bloodstream (BS) and other sites (OTHER) among patients in neonatal intensive care wards, and surgical wounds (SW) among surgical patients. No urinary tract (UT) infections or surgical wound (SW) infections were found among patients in neonatal intensive care wards.
The results of the application of the formula to convert the prevalence to a measure of the cumulative incidence are presented in Table 5 . Estimates of the cumulative incidence and 95% confidence intervals are presented.
The estimates of the cumulative incidence based on P, LA, LN, and INT suggest that the highest rates of hospitalacquired infection will occur among adults in intensive care wards, then among patients in neonatal intensive care wards, and finally among surgical patients. Rates are lowest for maternity patients. UT would be the most frequently occurring single site of hospital-acquired infection, followed by SW, 6.33 (6.20 to 6.46) LA = average length of stay of all patients; LN -average length of stay of patients who acquire one or more nosocomial infections; INT =• average interval between admission and onset of the first nosocomial infection for those patients who acquire one or more nosocomial infections; CI95 -95% confidence interval; SW = surgical wound; UT = urinary tract; BS -bloodstream; MULTI -multiple sites; OTHER = other site; IC -intensive care.
chest, OTHER, BS, and skin (SKIN). The lowest observed rate is for patients with MULTI. These results suggest that the overall cumulative incidence is 6.33% (95% confidence interval, 6.20% to 6.46%).
DISCUSSION
The prevalences reported here are consistent with those published in the international literature. A study in the United Kingdom 11 found an overall prevalence of 9%. A survey of 123 hospitals conducted in Spain 12 found a prevalence of 9.9%, a survey of 15 hospitals in Norway 13 found a prevalence of 9.0%, and a survey of 47 hospitals in 14 countries 14 found a prevalence of 8.7%. There are limited published data on how prevalence varies by service and site of hospital-acquired infection, but patients in intensive care beds have consistently demonstrated the highest prevalence and the prevalence is generally higher among surgical than among medical patients.
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The true values for INT were not known and so several assumptions were made to allow for the estimation of INT. In particular, it was assumed that on the day of the survey, patients with a hospital-acquired infection were halfway through a course of treatment. This relies on a nested assumption that the variable that describes the number of days a patient has been in receipt of treatment, for a defined treatment program, was normally distributed. If this were the case, then the midpoint (the average) would be the most appropriate value to use. The underlying nature of the probability distribution for this variable was not known, but there was nothing to suggest it would not be normally distributed.
The limitations of the formula used to estimate cumulative incidence from prevalence data have been discussed by those who developed it 7 and those who have applied it. 8, 9 The formula relies on infections occurring independently of each other and the probability of acquiring subsequent infections must not be influenced by existing infections. Whether this is the case for these patient groups has not been explored. It is also argued that the prevalence is generally greater than any estimates of the cumulative incidence and so the product of
LN-INTJ
should be less than 1. This is not true for several of the results derived from this patient group, specifically adult patients in the intensive care ward with UT infections, patients in the neonatal intensive care ward and medical patients with skin and BS infections, maternity patients with SW and other infections, and surgical patients with UT and skin infections. The reason for some of these findings might be the small numbers of hospital-acquired infections (eg, three of these estimates were derived from data on five or fewer cases of hospital-acquired infection). However, for some of the other findings, it might be the case that the values for LN -INT and LA are accurate. For example, all patients in intensive care wards will be severely ill and other, more serious comorbidities may extend the length of stay for all patients sufficiently to negate any differences in length of stay due to hospital-acquired infection. Also, maternity and surgical patients are likely to be younger and more fit than other patient groups (eg, medical patients) and therefore less likely to have their stay prolonged by hospital-acquired infection compared with those without hospital-acquired infection. They may be better able to deal with a hospital-acquired infection in their home with the support of family and community care services. These arguments do not apply to medical patients with BS infections and infections of the skin. It would be expected that LN -INT would exceed LA for this patient group. The answer may lie in the values used in the formula. Although data on LA and LN were collected from reliable sources using a recognized method, the values for INT were based on several assumptions. It may be that these assumptions were inappropriate for this patient group.
Care should be taken when comparing the estimates of incidence derived in this study with rates reported in other incidence studies because of differences in time period, country, population surveyed, and survey methods. With this in mind, the estimates of the cumulative incidence compare favorably with rates reported in the literature. The Study on the Efficacy of Nosocomial Infection Control (SENIC) conducted in the United States found an overall incidence rate of 5.7%. 15 A study of the socioeconomic burden of hospital-acquired infection conducted in the United Kingdom 16 found the overall incidence of hospital-acquired infection to be 7.8%. From this study, rates were as follows: UT, 2.7%; chest, 1.2%; SW, 1.0%; BS, 0.1%; skin, 0.6%; OTHER, 0.8%; and MULTI, 1.4%. With the exception of UT infection, BS infection, and MULTI, the confidence intervals for the rates reported here encompass the rates reported from the United Kingdom study. For BS infection, case mix variation may explain the differences between the findings. The United Kingdom study excluded neonates, but in this study they were found to have the highest rate for BS infection. For UT infection, the rates reported here are lower than those of the United Kingdom study, but this was found to be the most frequently occurring site of hospital-acquired infection in both studies.
One of the strengths of this work is the degree to which the data are disaggregated. Insights are provided into rates of hospital-acquired infection for many patient groups with the most common sites of hospital-acquired infection. To conduct incidence studies for such a wide range of patients would be an expensive and time-consuming exercise. This work has used all of the data available from the seven routine prevalence surveys and appears to be a cost-effective method for predicting the likely cumulative incidence of hospital-acquired infection in Auckland District Health Board Hospitals in New Zealand. The estimates of the cumulative incidence reported here can be used for further research and modeling that will contribute to the formulation of appropriate local policies for the control of hospital-acquired infection in New Zealand.
